Background--This study aimed to examine the impact of baseline eicosapentaenoic acid (EPA) to arachidonic acid (AA) ratio on clinical outcomes of patients with acute coronary syndrome.
P olyunsaturated fatty acids (PUFAs), especially omega-3 and -6 series, are key essential nutrients that play an important role in humans to maintain cell membranes and function. Various omega-3 PUFA trials including randomized controlled studies have been conducted with an expectation of improving the prognosis in patients at a high risk of cardiovascular disease. [1] [2] [3] [4] A recent randomized trial reported that adding eicosapentaenoic acid (EPA) to statins was beneficial to cardiovascular disease patients who had a residual risk factor. 5 Further, several studies have reported that the low baseline value for the EPA/arachidonic acid (AA) ratio is related to worse clinical outcomes and plaque vulnerability in coronary artery disease patients. [6] [7] [8] [9] [10] [11] We have published the HIJ-PROPER (Heart Institute of Japan Proper Level of Lipid Lowering With Pitavastatin and Ezetimibe in Acute Coronary Syndrome) study, [12] [13] [14] which was a randomized controlled trial that tested the efficacy of aggressive lipidlowering treatment with ezetimibe+pitavastatin and compared it with that of conventional lipid-lowering therapy with pitavastatin in acute coronary syndrome (ACS) patients. The effects of baseline EPA/AA ratio on clinical outcomes in ACS patients have not been thoroughly evaluated. Accordingly, the present study aimed to examine the effect of EPA/AA ratio on clinical outcomes in ACS patients.
Materials and Methods
The data that support the findings of this study are available from the corresponding author according to the ethics committee rules of this study on reasonable request. This is a subanalysis of the HIJ-PROPER study. In brief, the HIJ-PROPER study was a multicenter, prospective, randomized, open-label, blinded-end point trial with an active-control design comparing 2 lipid-lowering treatment strategies involving 19 Japanese hospitals. 12 Between January 2010 and April 2013, 1734 patients were randomized to an aggressive lipidlowering therapy group (pitavastatin+ezetimibe group) or a conventional lipid-lowering therapy group (pitavastatin-monotherapy group). In the HIJ-PROPER study, 13 patients were lost to follow-up. As a result, 1721 patients were included in the original study. In the current study, to investigate whether the EPA/AA ratio affects cardiovascular events, patients in whom EPA/AA ratio was measured at baseline were included. Patients were divided into 2 groups based on the EPA/AA ratio during admission (0.34 being the median of EPA/AA ratio at baseline), and clinical outcomes were examined. The primary end point of the current study was the same as that in the original study-a composite of the first occurrence of a component of the following end points: all-cause death, nonfatal myocardial infarction, nonfatal stroke, unstable angina pectoris, or ischemia-driven revascularization with either percutaneous coronary intervention or coronary artery bypass grafting.
The serum lipid profile including low-density lipoprotein cholesterol (LDL-C), total cholesterol, high-density lipoprotein cholesterol, and triglycerides was assessed at the time of enrollment and at the 3-, 6-, 12-, 24-, and 36-month followups. PUFAs including EPA, AA, docosahexaenoic acid (DHA), and dihomo-c-linolenic acid were assessed at baseline and at the 3-month follow-up. All laboratory analyses were exclusively performed at SRL Inc, an external laboratory (Hachioji, Tokyo, Japan). LDL-C concentrations were estimated using the Friedewald formula. 15 The composition of serum fatty acids was determined by capillary gas chromatography.
The study was conducted in accordance with the principles of the Declaration of Helsinki. The institutional review board or the relevant ethics committee of each participating medical center approved the protocol, and all patients provided written informed consent for trial enrollment.
Statistical Analyses
Normally distributed data are reported as meansAESD, nonnormally distributed data as medians and interquartile ranges, and categorical data as absolute values and percentages. The comparisons were made using the Welch t test for normally distributed continuous variables or Mann-Whitney U test for nonnormally distributed continuous variables and a Pearson chi-squared test for categorical variables. Time to first occurrence of events was analyzed using the Kaplan-Meier method with a log-rank test and conventional Cox proportional hazards model. Variables were included in the multivariate model if they reached P<0.10 after univariate Cox hazard regression analysis and identified independent risk factors for the primary end point in the low-EPA/AA group. A P value of <0.05 was considered to indicate statistical significance unless stated otherwise. All statistical analyses were performed using statistics software JMP Pro 14 (SAS Institute Inc, Cary, NC).
Results
Between January 2010 and April 2013, 1721 patients were analyzed in the HIJ-PROPER study. We limited the present analysis to patients in the HIJ-PROPER study who underwent EPA/AA measurements at baseline. Therefore, a total of 1187 patients were included in this study ( Figure 1 ). Patients excluded from the analysis (n=534) were equivalent to those included in the analysis (n=1187) with respect to most baseline characteristics. However, patients excluded from the
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analysis were more likely to have a higher glomerular filtration rate, frequent use of b-blockers, lower triglyceride levels, and a different distribution of the clinical presentation of ACS (Table S1 ). Baseline clinical characteristics of the 2 groups (low-EPA/AA group [n=584] with EPA/AA <0.34 lg/mL; high-EPA/AA group [n=603] with EPA/AA ≥0.34 lg/mL) are shown in Table 1 . In comparison with the patients in the high-EPA/AA group, the patients in the low-EPA/AA group had a lower age, higher body mass index, higher glomerular filtration rate, lower rate of hypertension, and higher rate of current smoking. In regard to the clinical presentation of ACS, the low-EPA/AA group showed a significantly higher percentage of ST-elevation myocardial infarction and a lower percentage of unstable angina pectoris than the high-EPA/AA group. The rate of aspirin use was significantly lower in the low-EPA/AA group. With regard to the lipid profile, compared with patients in the high-EPA/AA group, those in the low-EPA/AA group had significantly higher LDL-C levels, higher triglyceride levels, and lower high-density lipoprotein cholesterol levels.
The percentage reduction of LDL-C, triglycerides, and highdensity lipoprotein cholesterol from baseline to follow-up was similar regardless of the baseline EPA/AA ratio ( Figure 2 ). Although the mean LDL-C level during follow-up was similar between the low-EPA/AA group and the high-EPA/AA group (68.8AE19.5 versus 67.2AE18.7, P=0.31 for the pita-vastatin+ezetimibe group; 87.2AE18.0 versus 86.2AE17.2, P=0.53 for the pitavastatin-monotherapy group, respectively) ( Figure 3A and 3B), the mean triglyceride level during followup was significantly higher in the low-EPA/AA group than in the high-EPA/AA group (134.3AE67.1 versus 120.0AE50.1, P=0.004 for the pitavastatin+ezetimibe group; 159.1AE84.1 versus 143.4AE77.8, P=0.02 for the pitavastatin-monotherapy group, respectively) ( Figure 3C and 3D).
Kaplan-Meier analysis data for the primary end point in each group are shown in Figure 4 . In all, 395 primary events were reported during a median observation period of 3.86 years. After 3 years of follow-up, the cumulative incidence of the primary end point in patients with low EPA/AA was 27.2% in the pitavastatin+ezetimibe group compared with 36.6% in the pitavastatin-monotherapy group (hazard ratio 0.69; 95% CI, 0.52-0.93; P=0.015). The cumulative incidence of the primary end point in patients with high EPA/AA was 33.0% in the pitavastatin+ezetimibe group and 36.6% in the pitavastatin-monotherapy group (hazard ratio 0.92; 95% CI, 0.70-1.20; P=0.52). Table 2 shows the individual components of the primary end point. With regard to the difference in primary end points between groups, the low-EPA/AA group treated with pitavastatin+ezetimibe showed a 37% reduction in the need for ischemiadriven coronary revascularization compared with that treated with pitavastatin monotherapy. There was no statistically significant difference between the 2 treatment groups among patients with high EPA/AA with regard to each component of the primary end point.
Univariate and multivariate analyses to determine the independent predictors of primary end points in patients with low EPA/AA ratio are shown in Table 3 . Univariate analysis showed that higher age (P=0.03), lower glomerular filtration rate (P=0.01), prevalence of diabetes mellitus (P=0.05), history of previous revascularization (P=0.02), clinical presentation of non-ST-segment-elevation myocardial infarction (P=0.03), use of ezetimibe (P=0.02), lower high-density lipoprotein cholesterol level (P=0.04), and lower DHA level (P=0.02) tended to be associated with the occurrence of the primary end point in patients with low EPA/AA ratios. Multivariate analysis revealed that use of ezetimibe and lower DHA level at baseline were independent predictors of primary end points in patients with low EPA/AA ratios (odds ratio 0.70; 95% CI, 0.52-0.94; P=0.02 for use of ezetimibe; odds ratio 0.95; 95% CI, 0.91-0.99; P=0.04 for DHA). Figure 5 shows the percentage change of EPA/AA and DHA/AA ratios from baseline to 3 months after lipid-lowering therapy. Regardless of the EPA/AA ratio at baseline, the percentage change of DHA/AA was similar among patients treated with pitavastatin+ezetimibe and those treated with pitavastatin monotherapy. In contrast, the increase in EPA/AA ratio was significantly higher in the low-EPA/AA group than in the high-EPA/AA group after lipid-lowering therapy (27.9% versus À3.4%, P<0.0001, for the pitavastatin+ezetimibe group; 50% versus 9.0%, P<0.0001, for the pitavastatinmonotherapy group, respectively).
Discussion
The primary findings of this subgroup analysis of HIJ-PROPER were these: among ACS patients who have dyslipidemia with baseline EPA/AA ratio <0.34 (low-EPA/AA group), combination therapy with ezetimibe and statin decreased the risk of cardiovascular events compared with statin monotherapy, and multivariate analysis revealed that the use of ezetimibe and a low DHA level at baseline were independent predictors of cardiovascular events.
In this subanalysis there were several differences in baseline characteristics between the low-and high-EPA/AA groups. No significant difference was observed in primary end points between low-(n=584) and high-EPA/AA groups (n=603) ( Figure S1 ).
It was noteworthy that the event rates in the high-and low-EPA/AA groups treated with pitavastatin monotherapy were identical; however, the event rate in the low-EPA/AA group treated with pitavastatin+ezetimibe was significantly lower than that in the high-EPA/AA group treated with pitavastatin+ezetimibe.
Although the mean absolute LDL-C level during follow-up was similar between the 2 groups, the mean absolute triglyceride level during follow-up was significantly higher in the low-EPA/AA group than in the high-EPA/AA group. This was because the triglyceride level at baseline in the low-EPA/ AA group was significantly higher than that in the high-EPA/ AA group. Despite the mean triglyceride level during follow-up being higher, the event rate in the low-EPA/AA group treated with pitavastatin+ezetimibe was significantly lower than that in the high-EPA/AA group treated with pitavastatin+ezetimibe. Therefore, this effect was thought to be independent of LDL-C and triglyceride reduction.
The explanation of this phenomenon might be either of the following: ezetimibe is effective in conditions with a low EPA/ AA ratio, or ezetimibe does not work in conditions with a high EPA/AA ratio. There is no clear report on the relationship between ezetimibe efficacy and individual differences. Giugliano et al reported that adding ezetimibe to statin was beneficial for secondary prevention in non-diabetes mellitus patients with high TIMI (Thrombolysis in Myocardial Infarction) risk scores. 16 In the IMPROVE-IT subanalysis, the investigator suggested that the effect of ezetimibe addition could change depending on the patient's risk factor. Although the mechanism for the improved event rate in the low-EPA/AA group treated with pitavastatin+ezetimibe in this study remains unclear, the differences in the risk factors of patients with coronary artery disease between the low-EPA/AA group and high-EPA/AA group may influence the outcomes of this study.
Most studies have suggested that the EPA/AA ratio remains unchanged or decreases slightly after statin therapy. 10, 17 In addition, Blackwood et al reported that ezetimibe therapy inhibits the absorption of EPA. 18 In our study, compared with the high-EPA/AA group, the low-EPA/AA group showed significant improvement in EPA/AA ratio from baseline to follow-up. Because improvement of EPA/AA ratio was also seen in the low-EPA/AA group treated with pitavastatin monotherapy, we could not speculate that a high EPA/AA ratio was the cause of the better clinical outcome in the low-EPA/AA group treated with pitavastatin+ezetimibe. This change in EPA/AA ratio is interesting, and there might be a hidden key mechanism to clarify why pitavastatin+ezetimibe improved the outcomes in patients with low EPA/AA ratio.
A previous report has shown that DHA levels at baseline correlate with subsequent cardiac events. 19 Similarly, in this study multivariate analysis revealed that lower DHA levels at baseline were associated with worse clinical outcomes in a subset of ACS patients with dyslipidemia and low EPA/AA ratio. Further, multivariate analysis revealed that the use of ezetimibe was independently associated with better clinical outcomes in ACS patients with a low EPA/AA ratio. Accordingly, this study suggests that risk stratification in ACS patients is possible by measuring the EPA/AA ratio on admission. For ACS patients with dyslipidemia and a low EPA/AA ratio, adding ezetimibe to statin may be recommended. Further prospective studies are needed to validate and understand the current findings.
Limitations
This study has some limitations. First, this study was retrospective and based on the subgroup analysis of a prospective study. Several differences were observed in clinical characteristics between the low-EPA/AA group and the high-EPA/AA group. Thus, the results must be interpreted with caution. Second, measurements of PUFAs were conducted only at baseline and at 3 months. Further, we did not examine the patients' dietary intake, fish consumption, and PUFA supplement intake, including EPA and DHA intake, during the follow-up period. Third, we determined the cutoff value for EPA/AA ratio as 0.34 (the median of EPA/AA ratios during admission for the entire study cohort) in the present study. Because currently there is no normal range for EPA/AA in a clinical setting, whether this value of 0.34 is appropriate or not remains to be established. Fourth, although the end point of this study was reviewed by an independent end point committee that was blinded to the study treatment, the fact that ischemia-driven revascularization was the only difference in the low-EPA/AA group treated with pitavastatin+ezetimibe weakens the impact of the study.
Conclusions
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